Simulations of particle kinetics and coupling kinetic solvers with electromagnetics remain challenging tasks in computational plasma physics. We have previously developed mesh-based kinetic solvers having adaptive meshes in phase space by splitting the velocity and space mesh [1] . For many problems, one can utilize problem symmetry to reduce dimensionality of kinetic solvers. Now, we have developed Fokker-Planck and Boltzmann solvers using spherical coordinate system in velocity space and an adaptive Cartesian mesh in 1d2v phase space.
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Spherical coordinates in velocity space are best suitable for particle collisions. For transport in configuration (physical) space, we use Cartesian, cylindrical or spherical coordinate systems depending on the problem type. Collisions are divided into two types. Boltzmann-type collisions are associated with large changes of particle momentum -they are described by an integral operator in velocity space. Fokker-Planck-type collisions are associated with small changes of momentum, which are described by drift-diffusion-type differential operators in velocity space. We solve the Boltzmann-Fokker-Planck (BFP) kinetic equation using a Finite Volume method with an octree Cartesian mesh without splitting physical and velocity spaces. As a result, mesh adaptation in velocity space triggers mesh adaptation in physical space. This creates difficulties for calculation of particle density and coupling kinetic solvers to a Poisson solver for calculation of the electrostatic field. These issues have been resolved using a special interpolation technique.
The new coupled 1d2v BFP solver and 1d Poisson solvers have been tested and applied for simulation of electron beam formation and the dynamics of runaway electron during nanosecond gas breakdown. (See Figure 1 .) We solved the BFP kinetic equation for electrons using the Boltzmann-type collision operator for slow electrons, and the Fokker-Planck-type operator for the fast electrons, which are characterized by small-angle scattering and by continuous energy loss in collisions. The new solver is currently being used to study effects of voltage rise-time on Paschen curves and to study effects of scattering on runaway electron fluxes. The spatiotemporal evolution of dust particles in plasmas is of interest for nanoparticle synthesis in plasmas and the mitigation of contamination issues in semiconductor processing. In this work, a combination of a numerical modeling and particle visualization by laser light scattering (LLS) has been used to characterize the particle dynamics in the afterglow of dusty plasma. In the afterglow regime, the predominant forces acting on particles rapidly change from electrostatic and ion drag forces to the neutral drag and thermophoretic forces. In addition to the force balances on particles, after the power source is removed, the electron density is expected to decrease rapidly via diffusion, recombination and attachment. However, if electron detachment from the particles is a significant process, the electron density may be maintained on the scale of milliseconds as observed in electronegative plasmas [1] .
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The evolution of the electron and ion densities was investigated through a global model. The electron binding energy to the charged particle surface and the electron desorption rate were evaluated using quantum mechanical expressions [2] . Species balance equations in the afterglow were based on previous research [3] . The evolution of the densities in the afterglow from our numerical model is shown in Fig. 1 , indicating electron desorption from particles may lead to an initial increase of the electron density in the afterglow. To verify our numerical model, we are conducting experiments in a parallel plate capacitively coupled plasma reactor. Plasma is maintained between two planar electrodes, as shown in Fig. 2 . The upper electrode is powered by an rf power supply with 50 W. Gases and monodisperse particles are fed from a side injection tube directly into the plasma. A nebulizer and a drying column enable us to deliver dry monodisperse particles into the reactor. A 405 nm laser and a cylindrical lens are used to produce a planar sheet of laser light. Injected particles scatter the laser light which is imaged onto a CCD camera perpendicular to the plane of the laser light. To decouple scattered laser light from plasma emission, an optical chopper is synchronized with the camera to subtract the plasma emission from captured images. Particle locations are shown in Fig. 3 , indicating that trapping strongly depends on the particle size and these trapping locations might influence afterglow plasma properties. 
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August 2018 HIGHLIGHT  Modeling and particle visualization have characterized the particle dynamics and plasma properties in the afterglow of RF dusty plasmas.
 Numerical results indicate that electron desorption from particles leads to an initial increase of electron density in the afterglow. Visualization indicates particle trapping locations might influence afterglow plasma properties. 
